Patient access to primary care providers (PCPs) is often noted to be poor. [1] [2] [3] A 1999 Kaiser Family Foundation survey reported that 27 % of adults reported difficulty gaining timely access to a health care provider. 2 Between 1997 and 2001, the percentage of people reporting difficulty obtaining timely care rose from 23 % to 33 %. 4 In a 2001 survey, 43 % of adults reported being unable to get timely care for an urgent health condition. 5 More recently, a 2006 survey reported that only 27 % of adults with a usual source of care could easily contact their physician or obtain timely care. 6 Delays in timely access to care have been associated with decreased patient satisfaction, 7 and have prompted concerns that such delays may lead to inappropriately high rates of emergency room (ER) visits. Indeed, ER visits for nonurgent conditions are common, accounting for up to 40 % of all ER visits. 8 Improving timely primary care access has thus become a major focus in primary care for the past decade, and recently many providers have restructured their practices to improve patient access to care. 9, 10 However, evidence linking poor primary care access to ER overuse is mixed. Several surveys of ER patients reported a link between self-reported primary care access and ER use. 11 For example, a 2006 survey of ER patients reported poor primary care access as one of the main reasons for ER use. 12 Another study found that ER use is higher among patients who self-report worse access to primary care. 13 Other research examined whether ER use is higher among patients with worse primary care access using non-self-reported measures of primary care access. [14] [15] [16] [17] [18] [19] These studies generally focus on the correlations between ER use and primary care characteristics such as lack of a regular physician or poor continuity of care, and find that ER use rises as continuity and having a usual source of care falls. However, without direct measures of primary care access (i.e. how easy it is to get an appointment when needed) [15] [16] [17] [18] [19] and by relying on cross-sectional relationships, these studies may mismeasure the relationship between practice characteristics and ER use.
To get more directly at the relationship between primary care access and ER use, a few studies used changes in scheduling procedures designed to increase timely primary care access (i.e. implementation of open-access scheduling) to study the relationship between primary care access and ER visits. However, to our knowledge, the studies using this approach examined changes at a single site or in a small group of clinics, limiting generalizability. While one study found a decrease in urgent care visits with the implementation of open-access scheduling, 20 neither it or another study found a consistent effect of open access on ER visits. 20, 21 Thus, the relationship between primary care access and ER use remains questionable.
The effect of primary care access on ER use may depend in part on whether a patient has a continuous relationship with his or her PCP (also called interpersonal continuity). 22 On one hand, having an ongoing and continuous relationship with a PCP has been found to be associated with improved patient satisfaction 23 and clinical care outcomes. 24 This effect on improved care may extend to fewer ER visits. On the other hand, PCPs who provide more continuous care may be less accessible in the case of an emergency, 25, 26 and may thus increase ER use. The evidence on this question is scant, but the tension between continuity and improving access in primary care is particularly relevant as primary care moves toward team-based care models such as the medical home.
Our objective in this study is two-fold. Our primary aim is to examine the relationship between primary care access and ER use. Our secondary aim is to test whether this relationship is moderated by having a continuous relationship with a PCP. We use longitudinal data to examine how changes in a provider's availability affect ER use by that provider's patients. We measure provider availability using primary care scheduling data, enabling us to estimate weekly urgent care (or unscheduled) capacity in over 6,000 PCPs nationally. We do this among a large, national population of US patients in the Veterans Health Administration (VHA).
DESIGN AND MEASUREMENT

Data
We used two data sources in this study. First, we used data from the VHA's Corporate Data Warehouse, a national repository of VHA data from several clinical and administrative systems that contain data on all patient encounters within the VHA and include consistent provider and patient identifying information. We used this data to identify all primary care and ER visits within the VHA. Second, we used VA-Medicare data from the VA Information Resource Center, which contained all Medicare claims for our cohort who were dually enrolled in the VHA and Medicare to identify ER use outside of the VHA.
Study Population
Using these data sources, we identified all veterans receiving primary care within the VHA in 2009 and their primary care practitioners (PCPs). We identified a cohort of primary care enrollees as all patients with at least one primary care visit in 2008 and alive on January 1, 2009 (n= 4,181,611 patients). This ensured that all patients included in the 2009 cohort had an established relationship with a PCP at the VHA. We then assigned these patients to PCPs who were practicing in the VHA in 2009 (i.e. had scheduled primary care appointments in 2009; n=4,067,418 patients). We used a standard attribution rule to assign patients to PCPs, assigning patients to the PCP they saw most frequently that year. In cases of ties (where a patient saw two PCPs the same number of times), we assigned the patient to the tied PCP seen first in 2009. We included only patients assigned to a PCP with a panel of between 75 and 2,000 patients, as extreme outliers in panel size were likely due to data errors (n=3,983,922 patients assigned to 6,426 PCPs). This was the cohort we use to measure one of our independent variables, PCP booking density (described below).
To measure ER use (our dependent variable), we further refined our study sample. We included only patients who were 65 years or older, and thus eligible for Medicare (n= 1,920,253 patients assigned to 6,414 PCPs) and those patients who did not have Medicare claims for primary care visits in 2008 or 2009, and thus exclusively used VHA for primary care (n=627,276 patients assigned to 6,398 PCPs). We limited the sample to those eligible for Medicare because we could observe all ER visits for this group, whether they occurred within or outside of the VHA. We limited the sample to those receiving all primary care from the VHA, because we could accurately observe PCP access for this group. For those receiving primary care outside of the VHA, we could not observe how accessible their non-VHA PCP was. Since access to a non-VHA PCP could affect ER use within the VHA, if we did include veterans receiving primary care outside of VHA, this unobserved factor could have biased our results. Although this limited the number of patients in our sample, it did not substantially change the number of PCPs in the sample, which are the unit of observation for this study.
Independent Variables: PCP Availability
We measured PCP availability in two ways. First, we measured whether the PCP was absent from seeing patients in a given week by creating a weekly dichotomous measure indicating whether the assigned PCP was not seeing patients (i.e. had zero patient appointments for the entire week), as would be the case for vacations or other leaves of absence.
Second, we created a continuous measure of availability during the weeks the PCP was seeing patients-the PCP's booking density. Booking density was defined as the number of a PCP's appointment slots that were booked in a week divided by the PCP's total number of appointment slots that week. Conceptually, this represents the percentage of a PCP's time that was unavailable if a patient requested an urgent appointment that week, where higher values suggest less available time to accommodate urgent visits. We measured available appointments as a percentage of all appointments (rather than the absolute number of appointments) to normalize across clinical sites, as some sites routinely use shorter appointments, thus scheduling more appointments in a week. For part-time providers who do not see patients every weekday, we counted non-patient weekdays as fully booked (booking density of 100 %) and averaged the daily booking densities for the week. For all providers, we accounted for week-long absences from patient care (e.g. vacations) by considering those weeks as fully booked.
Dependent Variable: ER Use
Our main dependent variable was a provider-level weekly count of the number of a PCP's patients who went to the ER in a given week. Our measure of ER use included ER visits within the VHA and outside of the VHA (i.e. covered by Medicare). Although 16 % of VHA sites reported no ER visits during our study period, these sites tended to be small (8 % of PCPs), mostly outpatient facilities, and exclusion of these sites did not substantively alter the results.
Analysis
In our main analysis, we used a negative binomial model to estimate the weekly effect of PCP availability on their patients' ER use overall, on weekends (when availability should have less of an effect), on weekdays (when the effect of availability should be concentrated), and for ER visits that were treatable in primary care (which should be most sensitive to PCP availability). We defined primary care treatable ER visit based on the New York University algorithm. 27 We used this algorithm to classify ER visits as non-emergent, emergent but treatable in primary care, or emergent with ER care needed. We classified the first two groups (non-emergent and emergent but treatable in primary care) as primary care treatable ER visits.
In all models, we included medical center-level booking density as a covariate, week fixed effects (to control for seasonal variation), and PCP fixed effects. PCP fixed effects both controlled for unobserved time-invariant PCP characteristics that might affect the relationship between booking density and patient ER use, and allowed each PCP to serve as a control for him or herself. Thus, we estimated within-PCP effects of changes in booking density over the course of the year on patient ER use. This takes advantage of the longitudinal nature of our data and provides estimates of the effect that are less prone to bias than typical estimates from cross-sectional data.
We ran all analyses in two groups of PCPs. First, we included all PCPs described above in the study population. Second, because the relationship between primary care access and ER use may be moderated in part by whether or not a PCP tends to be the sole provider of care, we stratified our sample by those PCPs who did and did not provide the vast majority of care to their patients, or interpersonal continuity. 22 To estimate interpersonal continuity, we calculated the proportion of a patient's visits with his or her assigned PCP. By taking the proportion of non-assigned visits averaged across all patients in a PCP's panel, we got a measure of each PCP's style of care with respect to providing continuous care-that is, how often a PCP's panel saw his or her own PCP rather than a substitute PCP. For PCPs whose panel of patients saw them at least 95 % of the time (n=2,527 PCPs or 39 % of all PCPs in our cohort), we defined them as providing continuous care to their patients. All analyses adjusted standard errors for clustering of observations within PCP.
RESULTS
Patients were predominantly male and on average 75 years old ( Table 1 ). The average patient visited the ER less than Among all PCPs, being absent from patient care for the week had no effect on whether that PCP's patients used the ER in that week ( Table 2 ). The incident rate ratio (IRR) of ER visits among patients' whose PCP was absent for the week was 0.997 (p=0.70). There was also no statistically significant relationship between PCP absence and ER use on weekdays, weekends, or for primary care treatable ER visits.
However, among PCPs whose patients saw them at least 95 % of the time, the effect of being absent for the week on ER visits was statistically significant (Table 2) . In weeks when a PCP was absent, the IRR for an ER visits was 1.04 (p=0.01), or an increase in the incidence of ER visits of 4 %. This effect was consistent for weekday ER visits (IRR 1.04; p=0.01), but was not statistically different from zero for weekend ER visits, when PCP availability should have little effect on ER use (IRR 1.026; p=0.39). The effect of PCP absence was also statistically significant for primary care treatable ER visits (IRR 1.08; p<0.001).
Among all PCPs, booking density had no significant effect on whether their patients used the ER in that week (Table 3) . A 10-percentage point increase in booking density changed the IRR of ER visits in that week by 1.002 (p=0.15). The effect of booking density remained close to zero and non-statistically significant for weekday ER visits and weekend ER visits (IRR 1.003 [p=0.13] and 0.999 [p=0.80], respectively) and for primary care treatable ER visits (IRR 1.003; p=0.19).
Among PCPs whose patients saw them at least 95 % of the time, the effect of PCP booking density was, in some cases, statistically significant (Table 3) . A 10-percentage point increase in the booking density was associated with a marginally statistically significant positive IRR of ER visits in that week by 1.005 (p=0.08) overall, by 1.006 (p=0.07) for weekday ER visits, and by 1.010 (p=0.02) for primary care treatable ER visits. There was no effect of booking density on weekend ER visits, as expected.
CONCLUSION
We found that patient access to their PCP (as measured by PCP absence from clinical care) was statistically significantly associated with incidence of ER use, but only in settings where patients rarely saw a substitute PCP. Also, a PCP's booking density affected whether his or her patients used the ER among patients who rarely saw another PCP, though this effect was small. Among PCPs whose patients did not routinely receive continuous care from that PCP (e.g. saw other, non-assigned PCPs for at least 5 % of visits), there was no effect of PCP access on ER use for either absence from patient care or for booking density. The effect of PCP availability on ER use was modest. However, an increase in ER visits of 4 % translates into a meaningful number of ER visits. Based on our study cohort, there were over 97,000 ER visits in 2009 among patients whose PCPs were the near-sole provider of care. Our study implies that by implementing systems that promote shared responsibility for patients over continuity of care and ensuring sufficient capacity to accommodate patient access to primary care, the VA could eliminate close to 4,000 ER visits annually.
These results also highlight the tension between access to care and continuity of care. Continuity of care has long been seen as a central tenet of primary care. 28 Indeed, past work has found that higher continuity is associated with higher patient satisfaction 23 and, in some studies, better clinical outcomes. 24, 26 However, pressures to improve access to primary care, including use of same-day visits and open-access scheduling, threaten to reduce interpersonal continuity, as improving PCP availability often means reducing the ability to manage patients as a sole provider. Indeed, some prior work has shown that efforts to improve access have resulted in a decline in continuity. 25, [29] [30] [31] Our results support this finding. Among PCPs who were the sole providers for their patients, PCP absence was associated with increased ER use.
Our results highlight several important lessons. First, they are consistent with prior research suggesting that simple interventions like advanced-access scheduling may not solve the problem of ER overuse. 20, 21 Our results suggest that the challenge of improving primary care access is more complex than simply increasing appointment availability, and may only work in certain settings where patients rely on a single PCP for their care. As the VHA implements the medical home model nationwide, it will be important to remember that open access alone may not effectively reduce ER use.
Additionally, our results offer some insight into ways to potentially improve primary care access. PCP availability had an effect on ER use only among PCPs who appeared to be sole providers of care of their patients, but not PCPs who shared the care of their patients with colleagues. This suggests that providing a team-based approach rather than interpersonal continuity of care may be an effective way to improve access to care and decrease unnecessary ER use. PCPs with higher interpersonal continuity of care were not simply located in rural locations or practices with few other PCPs (results not reported), suggesting that team-based practice styles were possible.
When interpreting our results, it is important to remember our measure of access, as well as the clinical setting of our research. Our measures of PCP availability capture information about the accessibility of established PCPs, as all patients in our sample had an ongoing relationship with a PCP. In the absence of an established PCP relationship, access may simply be impossible for some patients, who may thus face the choice between no care and care in the ER.
The clinical setting of our research is also important. Results show that within the VHA system, patients needing urgent care are generally able to obtain access, even when their PCPs are unavailable. Since the mid-1990s, the VHA has invested heavily in the establishment and growth of primary care. More recently, the VHA has begun investing in team-based approaches to primary care, such as the medical home model. It is possible that the VHA system has created sufficient operational flexibility such that patients seeking urgent care have an alternative to using the ER, even when faced with a high booking density of their PCP. This may negate the effect of PCP availability on ER use in our study.
Our measures of access and the clinical setting of the VHA limit the generalizability of our results. In addition, the criteria we used to create our study cohort, including limiting it to those patients over the age of 65 and who do not get primary care outside of the VHA, further limit the generalizability of our results. However, these exclusions are important to improve the internal validity of our study, as this is the cohort for whom we can most accurately observe use of primary care and ER. Despite these limitations, to our knowledge, our research provides the largest study to date examining the effect of PCP availability on ER use, providing new and robust evidence about the relationship between primary care availability and the rate of ER use.
